
NASA Technical Translation 

M 
00 
4 

4 
4 

m 

I 

ci 
F 
b 

34 s 

NASA TT F-11,183 

CALCULATION OF THE TEMPERATURE FIELDS IN A BLADE 
OF A HIGH-TEMPERATURE GAS TURBINE DURING INTERNAL COOLING 

L. M. Zysina-Molozhen and M. P. Polyak 

Translation of Raschet Polei Temperatur v Lopatke Vysoko- 
temperaturnoi Gazovoi Turbiny pri Vnutrennem Okhlazhdenii 
In: Teplo- i Nassoperenos (Heat and hass Transfer ) ,  Vol. 6, 
Nauka i Tekhnika Press,  Minsk, 1966, pp 261-271 

c 

GPO PRICE $ 

CFSTI PRICE(S) $ 

Hard copy (HC) 

ff 663 Julv 85 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON, D.C. 20546 JANUARY 1968 



SYMBOLS USED 

t -gas  temperature  (surrounding medium), O C  (%g = t,.) 
t - tempera ture  of  su r face  o f  blade a t  given p o i n t ,  "C  

t - temperature  of coo l ing  medium, "C 

a - h e a t  t r a n s f e r  c o e f f i c i e n t  from gas t o  e x t e r n a l  b lade  s u r f a c e  , 

a ' -  h e a t  t r a n s f e r  c o e f f i c i e n t  from i n t e r n a l  s u r f a c e  of  b l ade  t o  cool ing  

A - c o e f f i c i e n t  o f  h e a t  conduct iv i ty  of  b lade  material , kcal /m . h r  O C  

n - e x t e r n a l  normal t o  b lade  contour  

-.value of  temperature g rad ien t  a t  b lade  contour  a n  
dF.element of s u r f a c e  through which elementary q u a n t i t y  of  h e a t  dQ i s  

t r a n s  m i  t t e d 

g 
S 

C 

kcal /m2 OC-hr 

medium, kca l /m  . h r  "C 2 
2 

a t S  

- temperature  of  i - t h  p o i n t  on contour 

r - d i s t a n c e  from i - t h  p o i n t  on contour t o  a c e r t a i n  p o i n t  M 

cos ( r i , n ) - cos ine  of  angle  between ray from p o i n t  M t o  i - t h  p o i n t  o f  

S- length  of  contour  
S - e x t e r n a l  contour  o f  b lade  

S1,. . . ,S6- i n t e r n a l  contours  o f  s i x  cool ing  channels 

a (x ,y) -va lue  of  h e a t  t r a n s f e r  c o e f f i c i e n t  from gas t o  b l a d e ,  v a r i a b l e  

i 

contour ,  and e x t e r n a l  normal t o  contour  a t  t h i s  p o i n t  

0 

over  contour  . ,a6- c o e f f i c i e n t s  of  hea t  t r a n s f e r  from wa l l s  o f  i n t e r n a l  channels 1" - a 

L 

t o  cool ing  medium 
Q - t o t a l  q u a n t i t y  of hea t  appl ied  t o  b lade  
q - d e n s i t y  of  h e a t  f l u x  
I - e l e c t r i c  cu r ren t  
i - d e n s i t y  of e l e c t r i c  cu r ren t  
u - e l e c t r i c a l  p o t e n t i a l  
(7 = l / p - c o e f f i c i e n t  o f  e l e c t r i c a l  conduct iv i ty  o f  material o f  model 

L - l i n e a r  dimension 
A - c o e f f i c i e n t  o f  thermal conduct iv i ty  o f  o r i g i n a l  blade 
a - c o e f f i c i e n t  of  hea t  t r a n s f e r  
R - e l e c t r i c a l  r e s i s t a n c e  

F = 1 . 6  - l o c a l  e l e c t r i c a l  model c ros s - sec t ion  

6 = const-  t h i ckness  of  e l e c t r i c a l l y  conductive paper 
1 . - l e n g t h  o f  s e c t o r  of  contour  of model b lade  c ros s - sec t ion  

b lade  (P i s  t h e  s p e c i f i c  r e s i s t a n c e  of the e l e c t r i c a l l y  conduct ive paper)  
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ABSTRACT. Calcu la t ion  o f  t h e  temperature f i e l d s  i n  a 
c ros s - sec t ion  of  a gas t u r b i n e  b lade  with an i n t e r n a l l y  
flowing coolant .  The problem cons i s t s  of c a l c u l a t i n g  the  
temperature  f i e l d s  wi th in  t h e  body o f  a b lade  of  a r b i t r a r y  
shape and with an a r b i t r a r y  number of i n t e r n a l  cool ing  
channels dur ing  v a r i a t i o n  o f  the l o c a l  h e a t - t r a n s f e r  c o e f f i -  
c i e n t s  a long t h e  b l ade  contour.  The r e s u l t s  make p o s s i b l e  
an eva lua t ion  of  t h e  e f f ec t iveness  of  t h e  cool ing  system i n  
terms of  t h e  optimum d i s t r i b u t i o n  of  t h e  cool ing  channels .  
The s o l u t i o n  i s  based on determining t h e  temperature  func t ion  
which corresponds t o  a 
a r y  condi t ions .  
computer, and t h e  method of programming i s  descr ibed  i n  
d e t a i l .  

Laplace equat ion with c e r t a i n  bound- 
The ca l cu la t ion  was performed on a d i g i t a l  

One o f  t h e  most heav i ly  loaded elements of  a gas t u r b i n e  i s  t h e  moving 
b lade .  
b lades  i n  gas tu rb ines  i s  one of t h e  most important problems t o  be so lved  i n  
the  product ion  of  h igh  temperature  gas tu rb ines .  

Therefore ,  t h e  problem o f  provis ion o f  e f f e c t i v e  cool ing  o f  moving 

One o f  t h e  most promising systems f o r  cool ing  b lades  i s  t h e  system of  
i n t e r n a l  cool ing  us ing  an in te rmedia te  heat t r a n s f e r  agent moving through 
i n t e r n a l  cool ing  channels i n  the  b l ades .  From t h e  mathematical  p o i n t  of view, 
t h e  problem o f  t h e  temperature  f i e l d  i n  such a b lade  i s  a complex s p a t i a l  
problem o f  s t a t i o n a r y  h e a t  t r a n s f e r  with v a r i a b l e  boundary condi t ions  along 
t h e  contour  and he igh t  o f  t h e  b l ade .  This problem has  n o t  y e t  been t h e o r e t i c -  
a l l y  so lved  due t o  t h e  g r e a t  mathematical d i f f i c u l t i e s  involved.  The s o l u t i o n  
of  a s imple r  problem, t h a t  o f  determining t h e  temperature f i e l d  i n  c ros s -  
s e c t i o n s  of  cooled b lade  p r o f i l e s ,  i s  a l so  o f  g rea t  i n t e r e s t  f o r  t u r b i n e  
cons t ruc t ion .  

The s o l u t i o n  of t h i s  problem f o r  c y l i n d r i c a l  b lades  al lows us  t o  determine 
t h e  temperature  f i e l d  throughout t h e  e n t i r e  f i n  of  t h e  b l ade ;  f o r  curved 
b l ades ,  u s ing  t h e  method of c y l i n d r i c a l  c ros s - sec t ions ,  we can use t h i s  
s o l u t i o n  t o  determine the  temperature  f i e l d  i n  var ious  c ros s - sec t ions  through 

/2611 

Numbers i n  t h e  margin i n d i c a t e  pagina t ion  i n  t h e  fo re ign  t e x t .  
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t h e  he igh t  of  t h e  b lade .  

In  b l ades  with i n t e r n a l  cool ing,  the temperature  g rad ien t s  i n  t h e  
c ros s - sec t ion  o f  t h e  p r o f i l e  may reach seve ra l  hundred degrees ,  and t h i s  
phenomenon cannot be ignored. 
ope ra t ion  of such b l ades ,  i t  i s  necessary t h a t  a reduct ion  i n  t h e  temperature  
g rad ien t s  i n  t h e  c ros s - sec t ion  of  t h e  p r o f i l e  be produced by proper  s e l e c t i o n  
o f  t he  l o c a t i o n ,  number, form and s i ze  of cool ing  channels .  

In o r d e r  t o  inc rease  t h e  r e l i a b i l i t y  of  t h e  

In  experimental  i n v e s t i g a t i o n s  of  hea t  t r a n s f e r  of  t u r b i n e  b l ades ,  t h e  
average c o e f f i c i e n t s  of h e a t  t r a n s f e r  have been p r imar i ly  s tud ied .  
c o e f f i c i e n t s  can be used, f o r  example, t o  e s t ima te  h e a t  t r a n s f e r  t o  t h e  tu rb ine  
r o t o r .  In  planning a b lade  cool ing  system, however, it i s  extremely important /262  
t o  have t h e  a b i l i t y  t o  c a l c u l a t e  h e a t  t r a n s f e r  and temperature  f i e l d s  wi th in  - 
t h e  body o f  t h e  cooled b lade  i n  cons idera t ion  of  t h e  incons tan t  na tu re  of l o c a l  
h e a t  t r a n s f e r  through t h e  l a t e ra l  su r face ,  s i n c e  t h e  n a t u r e  of  t h e  flow of t he  
gas i n  t h e  i n t e r b l a d e  channel o f  t h e  tu rb ine  r e s u l t s  i n  q u i t e  e s s e n t i a l  
d i f f e r e n c e s  i n  t h e  i n t e n s i t i e s  of h e a t  t r a n s f e r  through var ious  s e c t o r s  o f  t h e  
s u r f a c e  p a s t  which t h e  gas stream flows. A cool ing  system planned without 
knowledge of  t h e  d i s t r i b u t i o n  of  temperatures through t h e  body of  a b lade  may 
inc rease  t h e  unevenness of temperature wi th in  t h e  b lade  and, consequently,  
reduce i t s  mechanical s t r e n g t h .  

t h e s e  

A t  t h e  p r e s e n t  time it has become q u i t e  p o s s i b l e  t o  c a l c u l a t e  t h e  thermal 
e f f e c t i v e n e s s  o f  any network o f  p r o f i l e s  on t h e  b a s i s  o f  c a l c u l a t i o n s  o f  
condi t ions  i n  t h e  boundary l a y e r  developing along t h e  contour  o f  t h e  p r o f i l e s  
around which t h e  f l u i d  flows. The method o f  determining t h e  c o e f f i c i e n t s  of  
hea t  t r a n s f e r  based on c a l c u l a t i o n  of t he  boundary l a y e r  [ l]  takes  b e t t e r  
cons ide ra t ion  o f  t h e  phys ica l  aspec t  of  t he  p rocess .  
been programmed f o r  t h e  high speed "Ural-1" e l e c t r o n i c  computer, t h e  performance 
of  a series of c a l c u l a t i o n s  o f  l o c a l  and average values  of hea t  t r a n s f e r  
c o e f f i c i e n t s  f o r  va r ious  networks of  p r o f i l e s  r ep resen t s  no p a r t i c u l a r  d i f f i -  
c u l t y ,  be ing  an ope ra t ion  r e q u i r i n g  only  a few minutes.  

S ince  t h i s  method has  

The problem o f  determinat ion of  t h e  temperature  f i e l d  wi th in  a hollow 
t u r b i n e  b l ade  of  a r b i t r a r y  form, around which a gas f lows,  where t h e  t h i r d  
o r d e r  boundary condi t ions  a r e  f i x e d  f o r  the  e x t e r n a l  and i n t e r n a l  contours ,  
has  been so lved  by 0. I .  Golub'yeva [2]  on t h e  assumption t h a t  t h e  h e a t  t r a n s f e r  
c o e f f i c i e n t s  from t h e  gas t o  t h e  e x t e r n a l  s u r f a c e  a r e  cons tan t  throughout t h e  
contour .  We used t h e  method developed i n  [ 2 ]  t o  so lve  t h e  more complex 
problem of t h e  temperature  f i e l d  wi th in  a b l ade  o f  a r b i t r a r y  form wi th  
a r b i t r a r y  number o f  i n t e r n a l  cool ing  channels o f  any form cons ider ing  
v a r i a b i l i t y  o f  l o c a l  h e a t  t r a n s f e r  c o e f f i c i e n t s  over  t h e  contour .  The 
p r a c t i c a l  s o l u t i o n  of  t h i s  problem was poss ib l e  only  by programming t h e  method 
f o r  t h e  h igh  speed e l e c t r o n i c  computer. 
end s u r f a c e s  o f  t h e  b lade  were considered t o  be i n s u l a t e d .  

In  t h e  s o l u t i o n  of  t he  problem, t h e  

A s  a r e s u l t  o f  t h i s  assumption, t h e  temperature  va lues  produced are 
somewhat e l e v a t e d ,  s i n c e  we d i d  n o t  consider  h e a t  t r a n s f e r  t o  t h e  wheel r i m  by 
conduction. However, t he  cool ing  e f f e c t  of t h e  r i m  of t h e  wheel i s  no t i ceab le  
only f o r  a s l i g h t  d i s t a n c e  from the  r i m ,  p a r t i c u l a r l y  f o r  h e a t  r e s i s t a n t  
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s t e e l s ,  which have low h e a t  conduct iv i ty .  
r e s u l t  o f  t h i s  assumption inc reases  t h e  s t r eng th  r e s e r v e .  

Also, t h e  inaccuracy produced as a 

The s o l u t i o n  o f  t h e  problem c o n s i s t s  o f  de te rmina t ion  of  func t ion  t 
(temperature) s a t i s f y i n g  t h e  Laplace equation 

-Q +-- A t . =  - bt dzt 
ax% aya 

and t h e  fo l lowing  boundary condi t ions  : 

1. The elementary q u a n t i t y  o f  h e a t  suppl ied  by convect ion from t h e  
surrounding medium t o  an element o f  t h e  e x t e r i o r  s u r f a c e  o f  t h e  b lade  i s  equal  
t o  t h e  elementary q u a n t i t y  of h e a t  conducted away from the  b lade  by h e a t  
conduct i on 

dQ = a  ( f , - f s )  dF = i, 
dn 

2. The elementary q u a n t i t y  of  h e a t  t r ansmi t t ed  by h e a t  conduc t iv i ty  t o  an 
element o f  t h e  i n t e r n a l  s u r f a c e  of t he  blade (wall  of t h e  i n t e r n a l  channel) i s  
equal  t o  t h e  elementary q u a n t i t y  o f  hea t  conducted away from it  by convection 
o f  t h e  coo l ing  medium 

In  t h i s  ca se ,  one o f  t h e  two main boundary problems f o r  t h e  Laplace 
equat ion o b t a i n s ;  t h e  Neuman problem, which i s  s t a t e d  as fo l lows:  f i n d  
func t ion  t ,  harmonic i n  area D ,  f o r  which t h e  normal d e r i v a t i v e  a t / a n ,  i . e .  t h e  
d e r i v a t i v e  wi th  r e spec t  t o  the  d i r e c t i o n  of t h e  normal t o  t h e  contour ,  has 
f i x e d  va lues  over  contour  S :  

In  t h i s  ca se ,  t h e  Laplace equat ion (1) can be reduced t o  an i n t e g r a l  equat ion 

3 



This equat ion i s  produced as a resu l t  o f  a l i m i t  t r a n s f e r  from the  
corresponding equat ion f o r  temperature  a t  a c e r t a i n  p o i n t  w i th in  t h e  area 
bounded by contour  S ,  us ing  t h e  known p rope r t i e s  o f  t h e  harmonic func t ions .  

We have so lved  t h e  problem of  determining t h e  temperature  f i e l d  i n  t h e  
c ros s - sec t ion  of a b lade  with s i x  cooling channels ( the  number o f  channels i s  
a r b i t r a r y ) .  I n  t h i s  case ,  t h e  contour  through which i n t e g r a t i o n  i s  performed /264 
c o n s i s t s  o f  seven p a r t s :  t h e  e x t e r n a l  contour of  t h e  b lade  and s i x  i n t e r n a l  
contours  of  cool ing  channels .  Equation (5) f o r  condi t ions  (2) and (3) can be 
w r i t t e n  as fol lows 

- 

I n t e g r a l  equat ion (5) can be solved us ing  t h e  approximate Fredholm 
method. This  r equ i r e s  t h a t  t h e  i n t e r n a l  and e x t e r n a l  contours  be d iv ided  i n t o  
n + m s e c t o r s  (n s e c t o r s  on t h e  ex te rna l  contour  and m on t h e  i n t e r n a l  
contour) ,  i n  each of  which temperature t i s  assumed cons tan t  and equal  t o  t h e  

average temperature  over  t h e  e n t i r e  s e c t o r .  Equation ( 5 ’ )  i s  made up f o r  each 
such s e c t o r  and, as a r e s u l t  o f  s o l u t i o n  o f  t h e  system o f  n + m equat ions  wi th  

over  t h e  p r o f i l e  contour .  t s , n  + m 
depends on t h e  number o f  s e c t o r s  i n t o  which t h e  contour  i s  d iv ided .  The 
i n t e g r a l s  f o r  contours So,S1, ..., S 

f o r  t h e  n + m s e c t o r s .  Equation ( 5 l )  then t akes  on t h e  form 

S 

n + m unknowns, w e  f i n d  t h e  temperatures t t sp  . * . Y  ts,, t s , n  + 1 * * * ~  
O f  course,  t he  accuracy of  t h e  s o l u t i o n  

w i l l  be  c a l c u l a t e d  as sums o f  i n t e g r a l s  6 

where 4 r e p r e s e n t s  t he  fo l lowing  c o e f f i c i e n t s :  

. .  
--> . *  - . . . . . . . . . . . . . - . .:i. * 

n n 
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. .  . ' . .  . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

The s u b s c r i p t  i means t h a t  t h e  temperature i s  determined for  t h e  i - t h  p o i n t  on 
t h e  contour ,  while  t h e  numbers 1 , 2 ,  .... n,  ...,( n + m) i n d i c a t e  t h e  s e c t o r  f o r  
which t h e  i n t e g r a l s  a r e  ca l cu la t ed .  

For each s e c t o r  where tl = cons t ,  a and A are a l s o  assumed cons t an t ,  and 
t h e  c a l c u l a t i o n  o f  t h e  i n t e g i  11s is g r e a t l y  s i m p l i f i e d .  

Thus composing t h e  (n + m) equat ions ( f o r  each s e c t o r ) ,  we produce a 
system o f  l i n e a r  equat ions which must be solved i n  o rde r  t o  determine t h e  
func t ions  t l ,t2, .... t n'"'tn + over  the contour:  

5 



In  o r d e r  t o  so lve  t h i s  system w e  must f i r s t  determine t h e  component c o e f f i c i e n t s  

Using t h e  known temperatures on t h e  contour ,  w e  can determine t h e  
temperature  a t  any p o i n t  i n  t h e  c ross -sec t ion  o f  t h e  b l ade :  

(7)  

The complexity and d i f f i c u l t y  of  t h i s  numerical  method o f  s o l u t i o n  a r e  
obvious,  and i t s  p r a c t i c a l  a p p l i c a t i o n ,  cons ider ing  t h e  v a r i a b i l i t y  o f  (Y 

through t h e  contour  and t h e  g r e a t  volume o f  computational work r equ i r ed ,  i s  
p o s s i b l e  only where high speed e l e c t r o n i c  computers are a v a i l a b l e .  

S 

The method descr ibed  above was programmed by us f o r  t h e  "BESM" e l e c t r o n i c  
computer. The program i s  designed t o  determine t h e  temperature  a t  100 p o i n t s  
on t h e  contour  and any number o f  i n t e r n a l  p o i n t s  o f  t h e  c ros s - sec t ion .  
c a l c u l a t i o n  r e q u i r e s  t h a t  t h e  fol lowing q u a n t i t i e s  be assigned:  coord ina tes  X 
and Y o f  t h e  p o i n t s  of  d i v i s i o n  o f  t h e  contours ( ex te rna l  and i n t e r n a l ) ,  t he  
va lues  o f  t h e  c o e f f i c i e n t s  of  h e a t  t r a n s f e r  a t  t h e s e  p o i n t s ,  t he  values  o f  t h e  
c o e f f i c i e n t  of  h e a t  conduct iv i ty  o f  t h e  blade m a t e r i a l ,  t he  gas temperature 
and t h e  temperature  of  t h e  coolan t .  

The 

The machine time requi red  f o r  a determinat ion of temperature  values  a t  
Punching of  t h e  i n i t i a l  200 p o i n t s  i n  t h e  c ros s - sec t ion  i s  t h r e e  hours .  

numerical  m a t e r i a l  r equ i r e s  30 minutes .  

Placement of t h e  i n i t i a l  d a t a  on punched cards  a l lows r a p i d  replacement o f  
i n d i v i d u a l  cards  t o  be performed i n  case o f  changes i n  va r ious  input  q u a n t i t i e s ,  
i . e .  c a l c u l a t i o n  of numerous v a r i a n t s  of  t he  problem can be performed i n  
success ion .  
on to  s t r i p  paper  i n  t h e  form o f  a column of  numbers. For t h e  p o i n t s  on t h e  
contour ,  t h e  temperature  values  a t  t h e  100 p o i n t s  a r e  p r i n t e d  out  i n  order .  
For t h e  i n t e r n a l  p o i n t s ,  t h e  coord ina tes  (X,Y) o f  each p o i n t  and t h e  co r re -  
sponding temperature  va lue  a t  t he  p o i n t  a re  p r i n t e d  out  i n  o r d e r .  

The r e s u l t s  o f  t h e  s o l u t i o n  are p r i n t e d  by a h igh  speed p r i n t e r  

/266 - 

We have so lved  t h e  problem o f  determining t h e  temperature  f i e l d  i n  t h e  
body o f  a b l ade  during i n t e n s i v e  cool ing  by l i q u i d  sodium f i l l i n g  s i x  i n t e r n a l  
channels .  The e x t e r n a l  contour of  t h e  c ross -sec t ion  was d iv ided  i n t o  

6 



40 s e c t o r s  (20 on t h e  back edge and 20 on t h e  curved s i d e ) .  Analysis  of t h e  
d i s t r i b u t i o n  o f  a over  t h e  e x t e r n a l  contour f o r  var ious  b l ade  p r o f i l e s  showed 

t h a t  t h e  d i v i s i o n  of t h e  e x t e r n a l  contour i n t o  40 s e c t o r s ,  over  each of which 
it i s  assumed t h a t  a = cons t ,  i s  q u i t e  s u f f i c i e n t  f o r  reproduct ion  o f  t h e  t r u e  
p i c t u r e  o f  d i s t r i b u t i o n  of 01 . 

S S '  
t o  be run on t h e  flUral-l" computer, a l s o  c a l l s  f o r  t h e  sepa ra t ion  of  t h e  
contour  i n t o  40 s e c t o r s  ( t h e  values  of  a are determined a t  40 p o i n t s  on t h e  

contour  according t o  t h e  predetermined values of  v e l o c i t y  a t  each p o i n t ) .  
Each of  t h e  s i x  cool ing  channels was divided i n t o  t en  s e c t o r s .  

S 

/267 
The program f o r  t h e  method of  c a l c u l a t i n g  a 

S 

a Figures '2 and 3 show one of t h e  
d i s t r i b u t i o n s  o f  v e l o c i t i e s  and l o c a l  h e a t  
t r a n s f e r  c o e f f i c i e n t s  around t h e  contour  of  
t h e  blade c ros s - sec t ion ,  produced by 
c a l c u l a t i o n  f o r  t h i s  problem. 
t h e r e  i s  an e s s e n t i a l  unevenness i n  t h e  
d i s t r i b u t i o n  o f  a . The maximum values  are 

a t t a ined  a t  t h e  lead ing  and t r a i l i n g  edges 
of  the  b l ade ,  t h e  values  o f  a a t  t h e  edges 

exceeding the  values  o f  a 

Y l  

A s  we s e e ,  

S 

S 

i n  t h e  c e n t r a l  
S 

por t ion  o f  t h e  b lade  by a f a c t o r  of 3 o r  even 
4, i nd ica t ing  t h a t  t h e  b lade  edges must 
withstand t h e  most d i f f i c u l t  condi t ions  as 
concerns temperatures ,  and t h e r e f o r e  need 

Figure 1 .  Graph f o r  com- 
pos i t i on  o f  heat  conduct- 

i v i t y  equat ion .  

more i n t e n s i v e  cool ing.  One d i s t r i b u t i o n  of  
t h e  temperatures i n  t h e  c ros s - sec t ion  o f  t h e  

b lade  produced by c a l c u l a t i o n  using our program on t h e  "BESM" computer f o r  
t = 1 2 O O 0 C ,  t g C 
a = 160,000 kcall /m *hr°C is  shown on f i g u r e  4 .  Na 
of  temperature ,  as was t o  be expected, occurs on t h e  edges,  where t h e  most 
i n t e n s i v e  h e a t  exchange between t h e  gas and t h e  wall occurs .  
t h e  temperature  maximum i s  899°C; a t  t h e  f r o n t  edge t h e  maximum value  i s  
850°C (lower than a t  t h e  back edge, i n  s p i t e  of t h e  h ighe r  va lue  of  a 

area, due t o  t h e  proximity o f  t h e  cooling channel) .  
o f  t h e  b l a d e ,  t h e  temperature  i s  550-650°C. 
channel walls, due t o  t h e  high h e a t  t r a n s f e r  c o e f f i c i e n t  from walls t o  sodium, 
does n o t  exceed t h e  temperature  o f  t h e  sodium by more than 10°C i n  t h e  c e n t r a l  
p o r t i o n  of t h e  p r o f i l e  and 30°C i n  t h e  end channels .  

= 500°C and a from t h e  channel walls t o  t h e  l i q u i d  sodium 
2 

As we see, t h e  maximum value  

A t  t h e  back edge, 1268 

i n  t h i s  
S 

In  t h e  c e n t r a l  p o r t i o n  
The temperature  o f  t h e  cool ing  

This  va lue  of aNa was produced by c a l c u l a t i o n  us ing  t h e  L e i g h i l l  formula: 

0 . 4  Nu = 0.0192 ( G r P r )  . 
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Figure 2 .  Dis t r ibut ion of Velocity Along Contour 
of Moving Blade P r o f i l e  

The r e s u l t s  of 
ca l cu la t ions  f o r  t he  
concrete  conditions 
i n d i c a t e  pos s i b  l e  
d i r ec t ions  f o r  changes i n  
t h e  loca t ion  and 
configuration o f  coo 1 ing  
channels i n  order  t o  
produce a more even 
temperature f i e  1 d . 

I n  o rde r  t o  check 
t h e  accuracy o f  the  
method o f  ca l cu la t ion  
suggested and t o  improve 
t h e  f i n a l  program, t h e  

0 . 0.2 a4 46 a8 S problem was modeled using 
a type EGDA-6/53 e l e c t r o -  

Figure 3 .  Distr ibut ion of Heat Transfer thermal analog device l .  
Coeff ic ient  Along Contour of  Moving Blade 

of GT-1200 During t h e  modeling, 

a r i t y  between the  e l e c t r i c a l  and thermal problems was maintained, as expressed 
by t h e  r e l a t i o n s h i p  

t h e  condition o f  s i m i l -  

The s o l u t i o n  of t he  problem on the  electrothermal analog device was performed 
by L .  S. Petukhov. The i n s t a l l a t i o n  and model a r e  described i n  d e t a i l  i n  work 
[31. 
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. 

The d i s t r i b u t i o n  of  
o f  t h e  b l a d e  was modeled 

was c a l c u l a t e d  according 

x 
(7 ’  
- 

a - c = ‘orig ; ca - - L 1 ’  
Lmode 1 

t h e  l o c a l  h e a t  t r a n s f e r  c o e f f i c i e n t  over  t h e  contour  
by e l e c t r i c a l  conduc t iv i t i e s  S = l / R e  Fe , where Re i i i  i 
t o  t h e  formula R = c a ( l / a . F  ) and was connected e i e  i i 

up us ing  buses  t o  the  corresponding sectors on t h e  contour  o f  t h e  e l e c t r i c a l  
model. In  a l l ,  40 such buses were located about t h e  contour  of  t h e  b l ade  
p r o f i l e .  

The d e s i r e d  f i e l d  o f  isotherms i n  the c ros s - sec t ion  o f  t he  o r i g i n a l  b l ade  
was determined a f t e r  conversion of t h e  f i e l d  of d i s t r i b u t i o n  o f  e l ec t r i ca l  
p o t e n t i a l s  prooduced on t h e  model us ing  the  formula T = c u,  where c o e f f i c i e n t  

c 

and cL, which had been determined i n  advance. 

f i g u r e  4 are i l l u s t r a t e d  on t h i s  same f i g u r e  by the  d o t t e d  l i n e s .  As w e  s e e ,  
t h e  d a t a  agree  well with each o t h e r ,  which i n d i c a t e s  t h a t  the  program i s  well 
composed and t h a t  t h e  suggested method of c a l c u l a t i o n  is  s a t i s f a c t o r y .  Thus, 
we can say  t h a t  t h i s  suggested method o f  c a l c u l a t i o n ,  programmed f o r  e l e c t r o n i c  
computer, al lows us t o  perform c a l c u l a t i o n s  of temperature  f i e l d s  i n  a f l a t  
c ros s - sec t ion  o f  a b lade  with any number o f  i n t e r n a l  cool ing channels with an 
accuracy no  less than  t h e  accuracy of the e l e c t r i c a l  i n t e g r a t o r ,  b u t  i n  a 
cons iderably  s h o r t e r  pe r iod  o f  time, with no need f o r  t h e  p repa ra t ion  o f  an 
e l e c t r i c a l  model. 
ga t ion  of  a series o f  v a r i a n t s .  This f a c t o r  allows a l a rge  number of  v a r i a n t  
c a l c u l a t i o n s  t o  be performed, as are necessary  i n  design development o f  a b lade  
cool ing  system, i n  a comparatively s h o r t  p e r i o d  o f  t ime. 

T 
was determined us ing  r e l a t i o n s h i p  (8) according t o  t h e  c o e f f i c i e n t s  cq,  ca T 

The r e s u l t s  o f  t h e s e  c a l c u l a t i o n s  f o r  t h e  p a r t i c u l a r  example shown on 

I t  i s  a l s o  p o s s i b l e  t o  perform r a p i d  computational i n v e s t i -  

c 
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Figure 4. Distribution of Temperature Through Body o f  
blade with Six Cooling Channels 
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